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2 ( 57 ) Abstract: A method for monitoring the behavior of a tyre during running, the method comprising the steps of: acquiring and 
storing, at least temporarily, a first curve representing the acceleration profile of a first point of the tread area of said tyre, located on 
Q a meridian plane of said tyre; acquiring and storing, at least temporarily, at least a second curve representing the acceleration profile 
^ of a second point of the tread area of said tyre, located substantially on said meridian plane; comparing said first and second curves, 
^ or parameters derived thereof; determining the behavior of said tyre from said comparison. 
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METHOD AND SYSTEM FOR MONITORING A TYRE DURING THE RUNNING 

OF A VEHICLE 

The present invention relates to a method and system for monitoring the behavior 
5 of a tyre during the running of a motor vehicle equipped with tyres. The present 
invention relates also to a method for controlling a vehicle. 

Tyre monitoring systems using accelerometers disposed within tyres have already 
been proposed. 

10 

EP patent application no. 887,21 1 describes a tyre monitoring system for a tyre on 
a vehicle comprising: a sensor device operatively arranged with respect to the tyre 
to create an electrical pulse during the footprint pass corresponding to a 
deformation of the tyre; means for calculating a ratio of the duration of said 

15 electrical pulse to the duration of one tyre revolution; means for transmitting said 
ratio to an evaluating unit placed in the vehicle. The sensor device is placed within 
the tread area of said tyre in order that said electrical pulse presents a first 
maximum at the entrance and a second maximum at the leaving of said footprint 
pass. The sensor device can be an accelerometer that measures the intensity of 

20 the acceleration supported by the tread. The aim of the solution disclosed in the 
'21 1 patent application is the monitoring of the tyre deflection in order to obtain an 
optimum performance, particularly for truck tyres. 



US patent no. 6,204,758 describes a tyre monitor for use in a remote tyre monitor 
25 system including an accelerometer for detecting acceleration of the tyre monitor. 
Position information for the tyre monitor is determined in response to the 
acceleration. In this manner, tyre position information is determined automatically 
to allow the system to display tyre characteristic data such as air pressure in 
conjunction with tyre position. More particularly, the tyre monitor includes a 
30 housing and a valve stem and is configured for mounting on a wheel of a vehicle. 
The valve stem opens to admit air for filling the tyre and for manual checks of the 
tyre pressure. Otherwise, the valve stem generally remains closed to seal the tyre. 
The tyre monitor includes a radial accelerometer, a tangential accelerometer, a 
yaw accelerometer, and a pressure sensor. 

35. 

CONFIRMATION COPY 
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PCT patent application no. 98/56606 discloses a method for monitoring a running 
motor vehicle tyre, and, in particular, a device comprising: a sensor mounted on 
the wheel, coupling means transmitting to the vehicle indications obtained from the 
sensor and power supply means. The sensor is a miniature sensor sensitive to 
5 acceleration, implanted in the tyre running tread or in proximity thereof. The 
coupling means, mounted on the wheel, transmit the indications relative to the 
measurements carried out when the running tread is in contact with the ground. 
More particularly, the authors consider a tyre having a radius R traveling at a 
speed V. A tyre portion BC, having a length L, is in contact with ground, under 

10 load. In a point A, outside the portion BC, the centrifugal radial acceleration is 
N^/R. On the other hand, between the points B and C the centrifugal radial 
acceleration is substantially zero, in that the differential speed of the tyre with 
respect to the ground is substantially zero. By implanting an accelerometer within 
the tyre, the portion BC can be detected. The aim disclosed by the authors for 

1 5 such kind of measurement is to detect a possible under-inflation of a tyre. 

The Applicant has faced the problem of monitoring the dynamic behavior of a tyre 
mounted on a vehicle. More particularly, the Applicant has faced the problem of 
deriving information from a rolling tyre mounted on a vehicle, the information being 
20 useful: 

a) to identify the manoeuvre that is being executed by the vehicle (e.g. 
cornering, braking, etc.); 

b) to reveal whether a critical condition is being reached during said 
manoeuvre; 

25 c) in case b), to generate a signal adapted to cause a counteraction to control 
the vehicle, e.g. an alarm signal for the driver or a signal adapted to 
activate an auto-control system of the vehicle. 

The Applicant has found that measurements performed by acceleration sensors 
30 disposed in correspondence of the tread area of the tyre allow to derive such 
information. More particularly, the Applicant has found that such information can 
be derived by at least two acceleration sensors, disposed substantially along the 
same meridian plane of the tyre (i.e., a plane including the rotation axis of the 
tyre), in correspondence of the tread area of the tyre. The acceleration sensors 
35. provide signals representative of the deformations in the whole interaction region 
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between the tyre and the ground. An analysis of the variations during time of the 
deformations then allows to identify the manoeuvre being performed. In a 
preferred embodiment three acceleration sensors are disposed substantially on 
the same meridian plane in correspondence of the tread area of the tyre, a first 
5 one being disposed substantially on the equatorial plane of the tyre and the other 
two being disposed in shoulder regions of the tread area (i.e., portions of tread 
area disposed between the equatorial plane and the sidewalls of the tyre). 

In a first aspect, the invention relates to a method for monitoring a tyre during 
10 running, said tyre having a tread area, the method comprising the steps oft 

- acquiring and storing, at least temporarily, a first curve representing an 
acceleration profile of a first point of the tread area of said tyre, located on 
a meridian plane of said tyre; 

- acquiring and storing, at least temporarily, at least a second curve 
15 representing the acceleration profile of a second point of the tread area of 

said tyre, located substantially on said meridian plane; 

- comparing said first and second curves, or parameters derived thereof, so 
as to determine a dynamic behavior of said tyre. 

20 Preferably, the method further comprises the step of: 

- acquiring and storing, at least temporarily, at least a third curve 
representing the acceleration profile of a third point of the tread area of 
said tyre, being located substantially on said meridian plane. 

25 The step of comparing may comprise comparing said first, second and third 
curves, or parameters derived thereof. 

Preferably, said first point is located in a first shoulder region of said tread area. 

30 Advantageously, said second point is located in a second shoulder region of said 
tread area, opposite to the first shoulder region with respect to an equatorial plane 
of said tyre. 

The above cited third point may be located substantially on the equatorial plane of 
35 said tyre. 
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In preferred embodiments, said first, second and third points are located on an 
inner surface of said tyre. 

5 Preferably, said step of comparing comprises comparing a distance between 
characteristic peaks of said first curve with a distance between corresponding 
peaks of said second curve. 

Alternatively, said step of comparing may comprise comparing said first curve and 
10 said second curve point by point, for an entire revolution of said tyre. 

Alternatively, said step of comparing may comprise comparing at least one 
characteristic peak of said first curve with a corresponding at least one peak of 
said second curve. 

15 

In particular, said step of comparing may comprise comparing an amplitude of said 
at least one peak of the first curve with an amplitude of said corresponding at least 
one peak of the second curve. 

20 Alternatively, said step of comparing may comprise comparing an area under at 
least a portion of said first curve with an area under a corresponding portion of 
said second curve. 

Alternatively, said step of comparing may comprise comparing a width of at least a 
25 portion of said first curve with a width of a corresponding portion of said second 
curve. 

In a second aspect, the invention relates to a tyre comprising at least a first group 
of sensors located in a first circumferential position of said tyre, said first group of 
30 sensors including: 

- a first acceleration sensor, associated with a first point of the tread area of 
said tyre, located on a meridian plane of said tyre; 

- at least a second acceleration sensor, associated with a second point of 
the tread area of said tyre, located substantially on said meridian plane. 

35 
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Preferably, said first group of sensors includes at least a third acceleration sensor, 
associated with a third point of the tread area of said tyre, located substantially on 
said meridian plane. 

5 Preferably, said first point is located in a first shoulder region of said tread area. 

Advantageously, said second point is located in a second shoulder region of said 
tread area, opposite to the first shoulder region with respect to an equatorial plane 
of said tyre. 

10 

The above cited third point may be located substantially on the equatorial plane of 
said tyre. 

In preferred embodiments, said first, second and third points are located on an 
1 5 inner surface of said tyre. 

In particular, said first, second and third points may be misaligned of an angle not 
greater than 5°, preferably not greater than 3°, more preferably not greater than 
1°. 

20 

Preferably, said first and second points are located at a distance from the 
equatorial plane of the tyre comprised between 15% and 30%, more preferably 
between 18% and 28%, even more preferably 20% and 25% of the whole tread 
width. 

25 

The tyre according to the second aspect of the invention may further include at 
least a second group of said sensors, located in a second circumferential position 
of said tyre, spaced from said first circumferential position of a predetermined 
angle. 

30 

In a preferred embodiment, the tyre according to the second aspect of the 
invention further includes at least a third group of said sensors. The first, second 
and third group of sensors are spaced one from each other of substantially the 
same angle. 

35 
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Each of said acceleration sensors may include an elaboration unit. 

In a third aspect, the invention relates to a wheel for a vehicle, Including a rim and 
a tyre. With regards to the tyre, reference is made to what said above. 

5 

The wheel may also include a further acceleration sensor associated with said rim. 

In a fourth aspect, the invention relates to a system for monitoring a tyre during 
running, including a tyre comprising at least a first group of sensors, and a 
1 0 receiving unit associated with at least said first group of sensors, said first group of 
sensors including: 

- a first acceleration sensor, associated with a first point of the tread area of 
said tyre, located on a meridian plane of said tyre; 

- at least a second acceleration sensor, associated with a second point of 
15 the tread area of said tyre, located substantially on said meridian plane. 

The receiving unit may comprise a receiver and an elaboration unit. 

With regards to the tyre included in the system, reference is made to what said 
20 above. 

In a fifth aspect, the invention relates to a method for controlling a vehicle, 
comprising the steps of: 

- providing, in at least one tyre mounted on the vehicle, at least a first 
25 group of sensors including at least a first acceleration sensor, associated 

with a first point of a tread area of said tyre, and at least a second 
acceleration sensor, associated with a second point of said tread area, 
said first and second points being both located substantially on a same 
meridian plane of said tyre; 
30 - acquiring and storing, at least temporarily, at least a first acceleration 

curve from said first acceleration sensor and at least a second 
acceleration curve from said second acceleration sensor; 

- comparing said first and second curves, or parameters derived thereof; 

- identify a manoeuvre of said vehicle from said comparison. 

35 
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The method may further include the steps of. 

- revealing, from said comparison, whether a critical condition is being 
reached during said manoeuvre; 

- if a critical condition is being reached, generating a signal adapted to 
5 cause a counteraction to control the vehicle. 

In one embodiment, said signal may be adapted to activate an alarm for a driver of 
the vehicle. 

10 In another embodiment, said signal may be adapted to activate an auto-control 
system of the vehicle. 

Characteristics and advantages of the invention will now be illustrated with 
reference to embodiments represented in the attached figures, in which: 
15 - Figure 1 schematically shows a transverse section of a tyre having three 

acceleration sensors disposed on the liner internal surface, according to 

a preferred embodiment of the present invention; 

- Figure 2 schematically shows an equatorial section of a tyre having three 
groups of acceleration sensors disposed on the liner internal surface, 

20 according to a further preferred embodiment of the present invention; 

- Figure 3 shows three plots of contact length versus number of wheel 
turns for a cornering tyre, the contact length being calculated from 
measurements of tangential acceleration in a tyre configuration according 
tofig.1; 

25 - Figure 4 shows a typical curve derived by a measurement of tangential 

acceleration; 

- Figure 5 shows two curves of centripetal acceleration measured by two 
acceleration sensors disposed in the shoulder regions of the tread area 
of a tyre, in a cornering condition. 

30 

Figure 1 shows an exemplary tyre 1 comprising an internally hollow toroidal 
structure formed by a plurality of components, and primarily by a carcass, 
terminating in two beads, each formed along an inner circumferential edge of the 
carcass, for securing the tyre to a corresponding supporting rim. The tyre 1 
35 typically comprises at least one pair of annular reinforcing cores, called bead 
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cores, which are inserted in the said beads. The carcass has a supporting 
structure formed by at least one reinforcing ply which includes textile or metallic 
cords, axially extending from one bead to the other according to a toroidal profile, 
the ends of which are associated with a corresponding bead core. In radial tyres, 
5 the aforesaid cords lie essentially in planes containing the axis of rotation of the 
tyre. 

In crown of this carcass, an annular structure, known as belt structure, is placed, 
normally comprising one or more strips of rubberized fabric, wound on top of each 
10 other. A tread made from elastomeric material, wound around the belt structure, 
and usually moulded with a relief pattern for the roiling contact of the tyre with the 
road is also added. Two sidewalls, made from elastomeric material, each 
extending outwards in radial direction from the outer edge of the corresponding 
bead, are also placed on the carcass, in axially opposed positions. 

15 

In tubeless tyres the inner surface of the carcass is normally covered with at least 
one liner layer, i.e. with one or more layers of airtight elastomeric material. The 
tyre 1 may further comprise other known elements, such as edges, strips and 
fillers, according to the specific design of the tyre. 

20 

For the purposes of the present description, the term "elastomeric material" 
indicates a material obtained by crosslinking a rubber composition comprising at 
least an elastomeric polymer having at least a filler dispersed therein and usually 
conventional additives such as curatives, processing aids, etc... The combination 
25 of all these elements determines the mechanical characteristics of elasticity, 
rigidity and resistance to deformation of the tyre, which constitute the connection 
between the system of forces applied to the tyre and the extent of the 
corresponding deformations which it undergoes. 

30 One aspect of the present invention relates to the real time measurement of the 
variations of the acceleration of specified points of a tyre in a given temporal 
interval. Said variations are in relationship with the interactions between the tyre in 
motion and the ground and are in relationship with the deformations of the tyre 
itself during motion. To this purpose, at least two sensors able to measure said 

35 acceleration are disposed substantially along the same meridian plane within the 
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tyre 1. For the purposes of the present Invention, the expression "substantially 
along the same meridian plane* contemplates a certain amount of misalignment of 
the acceleration sensors with respect to said meridian plane, that can be 
expressed in terms of the angle comprised between the meridian planes defined 
5 by the acceleration sensor positions. Preferably, the tolerated misalignment may 
correspond to an angle not greater than 5°, more preferably not greater than 3°, 
even more preferably not greater than 1°. More particularly, the sensors are 
disposed in correspondence of the tread area T of the tyre 1 , i.e., the portion of the 
tyre 1 axially extended between the sidewalls of the tyre 1 (see fig.1). Preferably, 
10 at least three acceleration sensors are disposed along substantially the same 
meridian plane of the tyre 1. 

In the embodiment shown in figure 1, three sensors 11, 12, 13 are disposed on the 
internal surface of the tyre 1, on the inner liner surface. A first sensor 11 is 

15 disposed substantially along the equatorial plane of the tyre 1. Two other sensors 
12, 13 are disposed substantially on the same meridian plane of the tyre 1 in 
shoulder regions of the tread area, i.e. between the equatorial plane and a 
respective sidewall of the tyre 1. Hereinbelow, they will be named left shoulder 
sensor 12 and right shoulder sensor 13. As it will specified in the following, said 

20 disposition allows to monitor the general behavior of the full interaction area 
between the tyre and the road; for instance when the tyre Is cornering the signals 
derived from the two sensors 12 and 13 change relative to each other. In order to 
ensure a good monitoring of the whole interaction area between the tyre and the 
road, the acceleration sensors should be separated from each other of a certain 

25 distance. However, with regards to acceleration sensors disposed in the shoulder 
regions of the tread area, they should be disposed sufficiently far away from the 
sidewalls, so that they can provide signals in almost every condition of travel. In 
this respect, it has to be noticed that vehicle regulations, such as for example the 
camber, in combination with particular manoeuvres of the vehicle (e.g. in sharp 

30 bends) may cause transient partial loss of interaction between portions of the tread 
near the sidewall and the ground. Preferably, a shoulder acceleration sensor 
should be disposed at a distance from the equatorial plane of the tyre comprised 
between 15% and 30% of the tread width, more preferably between 18% and 28% 
of the tread width, even more preferably between 20% and 25% of the tread width. 

35 For example, in a tyre having a tread width of 195 mm, two shoulder sensors may 
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be disposed on opposite sides with respect to the equatorial plane, each at a 
distance of 45 mm thereof. 

Preferably, at least one acceleration sensor measures the acceleration of the 
5 respective monitored point of the tyre 1 with respect to at least two directions 
orthogonal to each other. More preferably, all acceleration sensors measure the 
acceleration with respect to at least two directions orthogonal to each other. For 
example, in figure 1 the x, y and z local axes represent three directions that for the 
purposes of the present description are named respectively: 
10 - centripetal direction z, which is a radial direction of said tyre, 

- tangential direction y, which is a direction tangential to the circumference 
of said tyre, 

- lateral direction x, which is a direction orthogonal to both said centripetal 
and tangential directions. 

15 Preferred directions for the measurements are the centripetal and the tangential 
direction. 

In figure 2 a further embodiment of the present invention Is shown, in which 
several groups of acceleration sensors 21, 22, 23 are associated to a tyre 1. Each 

20 group of acceleration sensors 21, 22, 23 comprises acceleration sensors disposed 
substantially along the same meridian plane of the tyre 1, as disclosed above with 
reference to figure 1. Preferably, the groups of acceleration sensors are located in 
a circumferential position spaced one from each other of substantially the same 
angle. For example, in figure 2 three groups of acceleration sensors are shown, 

25 spaced from each other of an angle of substantially 120°. As far as the disposition 
of the acceleration sensors within each group 21, 22 or 23 In the embodiment of 
figure 2, reference is made to what disclosed above with reference to figure 1 . 

The use of plurality of groups of acceleration sensors as shown in figure 2 allows 
30 to achieve more accuracy and reliability of the measurements performed by the 
acceleration sensors, as well as a better monitoring of the entire wheel turn. For 
example, during a revolution of the tyre 1 it is possible to monitor at the same time 
the acceleration during the tyre ground interaction with a first group of sensors, the 
acceleration of a point located before the footprint pass with a second group of 
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sensors and the acceleration of a point located after the footprint pass with a third 
group of sensors. 

The acceleration sensors 11, 12, 13 and/or 21, 22, 23, may be typically packaged 
5 in respective sensor devices further including: a power supply, such as for 
example a battery or a self-generating power device (e.g., a piezoelectric device 
generating electrical energy thanks to the deformations subjected by the tyre 
during rotation), for energizing the acceleration sensor, a transmitter connected to 
the acceleration sensor and to the power supply; an antenna connected to the 
10 transmitter. Furthermore, the acceleration sensors 1 1 , 12, 13 and/or 21 , 22, 23 are 
typically associated with a receiving device, typically Including an antenna, a 
receiver and an elaboration unit Such receiving device may be preferably 
disposed on the vehicle. For example said receiving device may be part of an on- 
board computer of the vehicle. 



The acceleration sensors generate a signal correspondent to the acceleration of 
the respective point of the tyre 1 to which they are associated. Said signals are 
then transmitted to the receiver, typically by means of radio frequencies. The 
elaboration unit may comprise, for example, a programmed microprocessor having 

20 a volatile storage element, a permanent storage element and a CPU. The 
elaboration unit receives the acceleration signals and performs the elaborations 
needed in order to identify, from said signals, what kind of manoeuvre (e.g. 
braking, acceleration, cornering, etc.) is being performed by the tyre or by the 
vehicle. Furthermore, it can also derive if a critical condition is being reached by 

25 the tyre or by the vehicle during such manoeuvre (for example due to 
aquaplaning). In such case, a signal can be generated, to cause a counter-action 
to control the vehicle, e.g. by the driver or by auto-control systems of the vehicle. 

The elaborations needed in order to identify from the acceleration measurements 
30 the manoeuvre performed by the tyre, as well as to foresee if a critical situation is 
being reached, include the comparison of the signals measured from two 
acceleration sensors disposed substantially on the same meridian plane of the tyre 
1. As it will be shown below, a measurement performed by a single acceleration 
sensor cannot give sufficient information for the above mentioned purposes. 



15 



35 
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For example, figures 3a, 3b, 3c show the result of elaborations performed on 
acceleration signals provided by acceleration sensors disposed within a tyre as 
shown in the embodiment of figure 1. The three acceleration sensors were 
disposed within a 195/65R15 Pirelli™ P6® tyre. The tyre was inflated at a 
5 pressure of 2.2 bar, subjected to a load of about 3700 N and mounted on the front 
right axle of a vehicle. The result shown by the three curves of figure 3 refers to a 
path covered by the vehicle at a speed of about 80 km/h, consisting of 150 m of 
straight road followed by a curve to the left having a radius of about 120 m. 

10 Figure 3a refers to an elaboration made on signals provided by a left shoulder 
acceleration sensor 12 (see fig.1), figure 3b refers to an elaboration made on 
signals provided by a central acceleration sensor 11 (see fig.1), figure 3c refers to 
an elaboration made on signals provided by a right shoulder acceleration sensor 
13 (see fig.1). More particularly, the curves of figures 3a, 3b, 3c show the contact 

15 length derived by a measurement of the tangential acceleration a Tl versus the 
number of turns # performed by the tyre during the above mentioned path. Figure 
4 shows a magnifying of the portion corresponding to the passage under the 
contact length in a typical signal measured by an acceleration sensor in tangential 
direction (acceleration versus time). By counting the number np f of points in the 

20 measured curve between the two discontinuities shown in figure 4 (corresponding 
to the beginning and the end of the passage under the contact length of the 
measuring acceleration sensor), and knowing the sampling frequency, the radius 
of the tyre and the angular speed of the tyre, it Is possible to derive the contact 
length, i.e. the quantity plotted in figures 3a, 3b, 3c. The contact length may also 

25 be derived by measurements of centripetal acceleration, according to the 
teachings of the above mentioned patent applications EP 887,211 and WO 
98/56606. 

Firstly, we consider a single plot among those shown in figure 3, corresponding to 
30 a measurement derived by a single acceleration sensor disposed within the tyre, 
for example the plot of figure 3b, derived by measurements performed by an 
acceleration sensor disposed at the equatorial plane of the tyre. As results from 
that plot, the contact length remains substantially unchanged around 125 mm in 
the first portion of the plot, and increases up to a value of about 140 mm in the 
35 second portion. The beginning of the increase in the contact length corresponds to 
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the beginning of the curve during the traveled path. However, from the curve 
shown in fig.3b alone, unique information about what kind of manoeuvre (a 
cornering, in this case) is being performed by the vehicle cannot be derived. As a 
matter of fact, the increase in the contact length shown in fig.3b could correspond 
5 to an increase of the load charged on the wheel carrying the tyre, for example due 
to a braking, or, as another example, to a reduction of the pressure within the tyre. 
Thus, complete information allowing to identify the correct manoeuvre cannot be 
derived from the measurement of a single acceleration sensor. 

10 On the contrary, by comparing the three curves of fig.3, the cornering of the 
vehicle can be detected. In fact, in the first portion of the plots of fig.3a, 3b, 3c, 
corresponding to the straight portion of the traveled path, the contact length 
derived by the measurements performed by the right shoulder acceleration sensor 
is lower than the contact length derived by measurements performed by the other 

15 acceleration sensors, due to the camber regulation of the vehicle. At the beginning 
of the curved portion of the traveled path, in the central portion of the plots 3a, 3b, 
3c, different variations in the contact length can be observed: in particular, a strong 
increase of the contact length measured by the right shoulder acceleration sensor, 
as a consequence of the lateral thrust to which the vehicle is subjected during the 

20 curved traveled path. These differences In the measurements performed by the 
three acceleration sensors disposed according to the embodiment shown in figure 
1 allow to detect, by means of a comparison between the signals or between the 
parameters derived from the signals (e.g., the contact length), the cornering 
manoeuvre of the vehicle. Furthermore, the comparison can reveal whether a 

25 critical condition is being reached, corresponding to abnormal differences between 
the detected signals or parameters in the detected manoeuvre. 

Many types of comparisons can be performed from signals obtained by the 
different acceleration sensors included within the tyre, according to the present 
30 invention. Examples of comparisons between acceleration curves of acceleration 
versus time obtained by the different sensors comprise the following: 

- comparison of two curves completely point by point, for an entire 
revolution of a tyre; 
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- comparison of some characteristic peaks of a first curve with 
correspondents characteristic peaks of a second curve, with particular 
reference to peak amplitudes; 

- comparison of the entire area under a first curve (or under a portion 
5 thereof) with the corresponding entire area under a second curve (or 

under the corresponding portion thereof); 

- comparison of the width of a portion of a first curve with the width of a 
corresponding portion of a second curve. 

10 The information obtained from said comparisons can be used to set control actions 
of mechanisms of the motor vehicle, for example regulation of the brake system 
(longitudinal behavior and/or lateral one), or active suspension, etc. 

In a preferred embodiment, an elaboration unit may be disposed also within each 
15 sensor device, associated to the respective acceleration sensor, so that already 

pre-elaborated signals can be sent to the receiving device disposed on the vehicle. 

In this case, the elaboration unit of the receiving device collects the pre-elaborated 

signals coming from all the acceleration sensors and performs the needed 

comparison between the different pre-elaborated signals, according to the 
20 invention. For example, such pre-elaborated signals may comprise parameters 

derived from the acceleration curves (such as, for example, peak amplitudes or 

peak-to-peak distances). 

In preferred embodiments, the sensor devices including the acceleration sensors 
25 11, 12, 13 and/or 21, 22, 23 are disposed on the internal surface of the tyre, in 
contact with the liner layer. Such disposition is preferred because a precise control 
of the position of the sensors may be achieved, together with a simple installation 
process. The sensors 11, 12, 13 and/or 21, 22, 23 may be associated to the inner 
liner surface by means of an adhesive or by mechanical means. Alternatively, one 
30 or more of said acceleration sensors may be inserted into the liner layer, or into 
the tread band layer, or into the carcass, or into the belt of the tyre during the 
manufacturing process. 

In a further embodiment (not shown), at least one further acceleration sensor may 
35 be disposed in a sensor device placed on the rim of the wheel; in this case a 



WO 03/082644 PCT/EP03/03088 

15 

comparison between the acceleration measured by the rim sensor and the 
acceleration measured by a sensor located in correspondence of the tread area 
may give an indication of the relative movement between the rim and the tyre for 
example during a braking manoeuvre. 

5 

The number and the arrangement of acceleration sensors to be disposed within 
the tyre depends on the specifications to be met. Generally speaking, a higher 
number of sensors corresponds to a better monitoring. However, a trade-off with 
costs, total added weight, elaboration requirements/capacity etc. should be taken 
10 also into consideration. 

For example, figure 5 shows the acceleration curves measured in centripetal 
direction by two acceleration sensors disposed in the right and in the left shoulder 
portion of the tread area of a 205/55/R16 Pirelli™ P7® tyre, inflated at a pressure 

15 of 2.2 bar, subjected to a load of 4500 N. This corresponds to the embodiment of 
figure 1, in which the central acceleration sensor 11 Is removed. The first curve, 
referenced as S1 in figure 5, refers to the right shoulder sensor 13 of figure 1; the 
second curve, referenced as S2 in figure 5, refers to the left shoulder sensor 12 of 
figure 1. The exemplary tyre was in a left cornering condition of 3°, at a speed of 

20 120km/h. 

As it can be seen, the right shoulder sensor (curve S1), in a region that contains 
the contact length of the tyre (including the peaks visible in figure 5), measures an 
acceleration which is greater than the acceleration measured from the left 

25 shoulder sensor (curve S2). This is due to the deformation of the tyre during the 
cornering condition. By monitoring the difference between the accelerations 
measured from said two sensors the system of the present invention is able to 
detect a critique condition during a cornering manoeuvre. For example said 
critique condition may be detected by comparing said difference of accelerations 

30 with a predetermined threshold value or by comparing (point to point) a curve 
monitored by the shoulder sensors with reference curves stored into one of said 
memory elements. Specified reference acceleration curves, or specified threshold 
values of parameters to be derived from the acceleration curves, may be stored in 
the volatile storage element or in the permanent storage element of the 

35 elaboration unit, in a temporary or permanent way respectively. The reference 
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curves or threshold parameters may be stored during a setup phase of the system 
and may be generated by each of the acceleration sensors of the system. 

Other information may be obtained by comparing signals derived from sensors 
5 associated to different tyres of a vehicle. For example, in order to completely 
monitor a braking of a vehicle, a comparison between signals derived from 
sensors of the front tyres and signals derived from sensors of the rear tyres of the 
vehicle may be realized. Another example of a comparison between signals 
derived from sensors located in different tyres of the vehicle may be accomplished 
10 during a cornering condition, in which the difference between signals derived from 
a tyre on one side of the vehicle may be compared with signals derived from a tyre 
on the other side of the vehicle. 

The different acceleration curves are acquired during the running of the motor 
15 vehicle on the road, preferably at each revolution of the tyre. The curves (or the 
values of the parameters derived from characteristics portions of the curves; such 
as for example the peak values) may be stored temporarily to carry out the 
comparison with each other. Furthermore, the curves or the parameters acquired 
or derived In a revolution of the tyre may be compared with the curves or 
20 parameters acquired or derived in previous revolutions of the tyre, or during the 
contact of previous portions of the tyre with the ground (see fig.2). In this way, a 
complete monitoring of the behavior of the vehicle can be performed. Furthermore, 
main changes during the tyre life (e.g. due to wear or structural modification of the 
tyre) can also be detected, by comparing the different curves or the parameters 
25 generated by the sensor signals at different times (e.g., monthly). 

Advantageously, the accelerations of the monitored points may be integrated with 
other information of the vehicle, for example the speed of the vehicle and/or the 
tyre pressure. 



30 
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CLAIMS 



1 . A method for monitoring a tyre (1) during running, said tyre having a tread area 
5 (T), the method comprising the steps of: 

- acquiring and storing, at least temporarily, a first curve representing an 
acceleration profile of a first point (1 1, 12, 13) of the tread area (T) of said 
tyre, located on a meridian plane of said tyre; 

- acquiring and storing, at least temporarily, at least a second curve 
10 representing the acceleration profile of a second point (11, 12, 13) of the 

tread area of said tyre, located substantially on said meridian plane; 

- comparing said first and second curves, or parameters derived thereof, so 
as to determine a dynamic behavior of said tyre. 



15 2. A method according to claim 1 , further comprising the step of: 

- acquiring and storing, at least temporarily, at least a third curve 
representing the acceleration profile of a third point (1 1, 12, 13) of the tread 
area of said tyre, being located substantially on said meridian plane. 

20 3. A method according to claim 2, wherein said step of comparing comprises 
comparing said first, second and third curves, or parameters derived thereof. 

4. A method according to any one of claims 1 to 3, wherein said first point is 
located in a first shoulder region of said tread area. 

25 

5. A method according to any one of claims 1 to 4, wherein said second point is 
located in a second shoulder region of said tread area, opposite to the first 
shoulder region with respect to an equatorial plane of said tyre. 

30 6. A method according to any one of claims 2 to 5, wherein said third point is 
located substantially on the equatorial plane of said tyre. 

7. A method according to any one of claims 1 to 6, wherein said first, second and 
third points are located on an inner surface of said tyre. 

35 
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8. A method according to any one of claims 1 to 7, wherein said step of 
comparing comprises comparing a distance between characteristic peaks of 
said first curve with a distance between corresponding peaks of said second 
curve. 

5 

9. A method according to any one of claims 1 to 7, wherein said step of 
comparing comprises comparing said first curve and said second curve point 
by point, for an entire revolution of said tyre. 

10 10. A method according to any one of claims 1 to 7, wherein said step of 
comparing comprises comparing at least one characteristic peak of said first 
curve with a corresponding at least one peak of said second curve. 

11. A method according to claim 10, wherein said step of comparing comprises 
15 comparing an amplitude of said at least one peak of the first curve with an 

amplitude of said corresponding at least one peak of the second curve. 

12. A method according to any one of claims 1 to 7, wherein said step of 
comparing comprises comparing an area under at least a portion of said first 

20 curve with an area under a corresponding portion of said second curve. 

13. A method according to any one of claims 1 to 7, wherein said step of 
comparing comprises comparing a width of at least a portion of said first curve 
with a width of a corresponding portion of said second curve. 

25 

14. A tyre (1) comprising at least a first group (21, 22, 23) of sensors located in a 
first circumferential position of said tyre, said first group of sensors including: 

- a first acceleration sensor (11, 12, 13), associated with a first point of the 
tread area (T) of said tyre, located on a meridian plane of said tyre; 
30 - at least a second acceleration sensor (11, 12, 13), associated with a 
second point of the tread area of said tyre, located substantially on said 
meridian plane. 
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15. A tyre according to daim 14, wherein said first group of sensors includes at 
least a third acceleration sensor (11, 12, 13), associated with a third point of 
the tread area of said tyre, located substantially on said meridian plane. 

5 16. A tyre according to claim 14 or 15, wherein said first point is located In a first 
shoulder region of said tread area. 

17. A tyre according to any one claims 14 to 16, wherein said second point is 
located in a second shoulder region of said tread area, opposite to the first 

10 shoulder region with respect to an equatorial plane of said tyre. 

18. A tyre according to any one of claims 15 to 17, wherein said third point is 
located substantially on the equatorial plane of said tyre. 

15 19. A tyre according to any one of claims 14 to 18, wherein said first, second and 
third points are located on an inner surface of said tyre. 

20. A tyre according to any one of claims 14 to 19, wherein said first, second and 
third points are misaligned of an angle not greater than 5°. 

20 

21. A tyre according to claim 20, wherein said first, second and third points are 
misaligned of an angle not greater than 3°. 

22. A tyre according to claim 21, wherein said first, second and third points are 
25 misaligned of an angle not greater than 1 °. 

23. A tyre according to any one of claims 14 to 22, wherein said first and second 
points are located at a distance from the equatorial plane of the tyre comprised 
between 15% and 30% of the whole tread width. 

30 

24. A tyre according to claim 23, wherein said distance is comprised between 18% 
and 28% of the whole tread width. 

25. A tyre according to claim 24, wherein said distance is comprised between 20% 
35 and 25% of the whole tread width. 
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26. A tyre according to any one of claims 14 to 25, further including at least a 
second group (21, 22, 23) of said sensors, located in a second circumferential 
position of said tyre, spaced from said first circumferential position of a 

5 predetermined angle. 

27. A tyre according to claim 26, further including at least a third group of said 
sensors (21, 22, 23), the first, second and third group of sensors being spaced 
one from each other of substantially the same angle. 

10 

28. A tyre according to any one of claims 14 to 27, wherein each of said 
acceleration sensors includes an elaboration unit 

29. A wheel for a vehicle, including a rim and a tyre according to any one of claims 
15 14 to 28. 

30. A wheel according to claim 29, including a further acceleration sensor 
associated with said rim. 

20 31. A sysitem for monitoring a tyre (1) during running, including a tyre (1) 
comprising at least a first group (21, 22, 23) of sensors and a receiving device 
associated with at least said first group of sensors, said first group of sensors 
including: 

- a first acceleration sensor (11, 12, 13), associated with a first point of the 
25 tread area (T) of said tyre, located on a meridian plane of said tyre; 

- at least a second acceleration sensor (11, 12, 13), associated with a 
second point of the tread area of said tyre, located substantially on said 
meridian plane. 

30 32. A system according to claim 31, wherein said receiving device comprises a 
receiver and an elaboration unit. 

33. A system according to claim 31 or 32, wherein said tyre is a tyre according to 
. any one of claims 9 to 21 . 

35 




WO 03/082644 PCT/EP03/03088 

21 

34. A method for controlling a vehicle, comprising the steps of: 

- providing in at least one tyre (1) mounted oh the vehicle at least a first 
group of sensors (21, 22, 23) including at least a first acceleration sensor 
(11, 12, 13) associated with a first point of a tread area (T) of said tyre 

5 and at least a second acceleration sensor (11, 12, 13) associated with a 

second point of said tread area, said first and second points being both 
located substantially on a same meridian plane of said tyre; 

- acquiring and storing, at least temporarily, at least a first acceleration 
curve from said first acceleration sensor and at least a second 

10 acceleration curve from said second acceleration sensor; 

- comparing said first and second curves, or parameters derived thereof; 

- identify a manoeuvre of said vehicle from said comparison. 



35. A method according to claim 34, further including the steps of: 
15 - revealing, from said comparison, whether a critical condition is being 

reached during said manoeuvre; 
- if a critical condition is being reached, generating a signal adapted to 
cause a counteraction to control the vehicle. 

20 36. A method according to claim 35, wherein said signal is adapted to activate an 
alarm for a driver of the vehicle. 



25 



37. A method according to claim 35, wherein said signal is adapted to activate an 
auto-control system of the vehicle. 
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